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typical example of Friedel-Crafts alkylation.
Materials and Methods

Experimental
Iron nitrate hexahydrate Fe(NO3)3·6H2O (Alfa 98.5%), Ce(NO3)3.6H2O (IRE) and ammonia were used as sources for iron, cerium and alkali respectively. Hexadecyl amine (HDA) (Aldrich 98%), was used as surfactant for the synthesis of mesoporous ceria by surfactant method. Mesoporous ceria was synthesized, according to literature procedure [3] and modified with 3 different compositions of Fe by wet impregnation method.Catalysts were characterized by various analytical and spectroscopic techniques. The acidity measurements of the prepared samples were done by Temperature Programmed Desorption (TPD) of ammonia [4] and the values obtained were tested by vapour phase cumene cracking reaction [5] .
Synthesis and characterization
In a typical synthesis procedure mesoporous ceria was prepared according to literature procedure [3] . Since the neutral surfactantinorganic interaction is due to weak hydrogen bonding the removal of most of the surfactant can be done by washing/solvent extraction. The filtered precipitate is dried and then pre-calcined at 250 o C for 6 hours to make the calcination effective at lower temperature. The sample is then calcined at 350 o C for 4 h. Mesoporous ceria thus obtained was modified by different weight% (2, 4, and 10 wt. %) of iron by wet impregnation method.
Characterization
Powder X-ray diffractograms of the materials were recorded on a Rigaku D MAX III VC Nifiltered Cu Kα radiation, λ = 1.5404 A° 2θ range 10-80 º at a speed of 1º/min. Low angle XRD was also done to confirm the mesoscopic nature of the sample. N2 adsorption-desorption isotherms, pore size distributions as well as the textural properties of the materials were determined at -196 o C by a Micromeritics Tristar 3000 surface area and porosity analyser. Prior to the measurements the samples were degassed for 1h at 90 ºC followed by 200ºC overnight. Pore size distribution and average pore size of the samples were obtained from the adsorption branch of the isotherms using the Barrnet-Joyner-Halenda (BJH) method. FTIR spectra of the solid samples were taken in the range of 4000-400 cm-1 on a Shimadzu FTIR 8201 instrument by diffuse reflectance scanning disc technique. Diffuse reflectance UV-Vis spectra were recorded in the range 200-800 nm with a Shimadzu UV-2101 PC spectrometer equipped with a diffuse reflectance attachment, using BaSO4 as the reference. SEM analysis of the samples was done using JEOL JSM-840 A (Oxford make) model16211 scanning electron microscope analyzer with a resolution of 13 eV. The HR-TEM of the sample was carried out in ultrahigh resolution analytical electron microscope JEOL3010. Perkin Elmer TG analyzer instrument was used for carrying out thermo gravimetric studies. About 20 mg of the sample was used at a heating rate of 20 0 C per min in nitrogen atmosphere. The TG data were computer processed to get thermograms. Elemental composition was confirmed by ICP-AES.
The acidity measurements of the prepared samples were done by Temperature Programmed Desorption (TPD) using ammonia as probe molecule by desorbing ammonia at various temperature after adsorption on the catalyst at room temperature. The values obtained were tested by vapour phase cumene cracking reaction . Vapour phase cumene cracking reaction is a test reaction for identifying the Lewis to Bronsted acid ratio of a catalyst. The major reactions taking place during the cracking of cumene are dealkylation to give benzene and propene over Bronsted acid sites (BAS) and dehydrogenation to give α-methyl styrene over Lewis acid sites (LAS). A comparison of the amount of dealkylated products and α-methyl styrene gives an idea about the (BAS) and (LAS) possessed by the catalyst .
Benzylation Reaction
To study the activity of the catalysts in organic reactions, benzylation of toluene was done using benzyl chloride in the presence of the prepared catalysts. The benzylation reaction was carried out in a double necked round bottom flask fitted with a reflux condenser. In a typical run, appropriate amounts of benzyl chloride and the catalyst were allowed to react at specified temperatures under magnetic stirring for 25 minutes and then toluene was added to the reacting mixture. The reaction mixtures were analysed periodically using 8610 GC equipped with SE-30 column and FID detector. As toluene was taken in excess, the yield of the reaction was expressed as the total percentage of benzyl chloride transformed. The product formed was identified as o/p methyl diphenyl methane by GCMS and also by comparison with the peaks obtained for the standard.
comparison with standard JCPDS (Joint Committee on Powder Diffraction Standards) data file [6] . Wide angle XRD analysis clearly shows peaks corresponding to the crystalline cubic fluorite ceria phase (PDF-ICDD34-0394). With loading of Fe no additional iron oxide phase was formed up to a 10 wt% Fe loading (Figure 1) . The characteristic peak of crystalline iron oxide is absent in lower loading. This points to the fact that the iron species are highly dispersed or exist as microcrystalline material below the XRD detection limit. A peak at low-angle region confirms the mesoporous nature of the sample prepared ( Figure  1a) . The sample exhibits N2 adsorption-desorption of Type IV isotherm with steps between partial pressures P/Po of 0.3 to 0.8, and a hysteresis loop, due to capillary condensation in the mesoporous channels and/or cages (Figures 2 and 3) . Figure 2a shows the pore size distribution of the sample. Narrow BJH pore size distribution suggests an open pore channel. It also shows a regular mesopore structure. The H3 hysteresis loop is characteristic of mesoporous materials with narrow slit-like pores.
The pore volume, pore diameter & surface area calculated by desorption studies are given in (Table  1) . From (Table 1) it is evident that surface area decreases with metal loading. Crystallite size and lattice parameters are calculated from XRD data ( Table 2) In FT-IR spectrum (Figures 4a, 4b ) of the calcined materials, bands related to the surfactant are removed which shows the successful removal of surfactant at a lower calcination temperature (350 o C) which is effective for a high surface area for the calcined sample free of surfactant. No peaks corresponding to the C-H bands are seen in calcined sample. In the spectrum, peak at 3400cm -1 corresponds to the OH stretching vibration, the peak at 1630 cm -1 corresponds to the H2O bending vibration, Peak at 1380 cm -1 to Ce-OH stretching vibration, Peaks 1075 cm -1 and 860 cm -1 , are attributed to the stretching and bending vibrations of M-O-M bonding 500 cm -1 corresponds to the CeO2 stretching [7] .
HR-TEM shows the formation of uniform crystallites of few nanometres in size. Calcined sample consists of aggregated small crystallites of a few nanometres and very homogeneous in size. The lattice fringes visible in the HR-TEM image displayed in Figure 6a are indicative of the high crystallinity of these particles. The selected area electron diffraction (SAED) pattern confirms the formation of the (111) surface plane. Ceria crystallizes in a cubic fluorite structure and exposes the thermodynamically most stable (111) surface. This surface is the oxygen termination of stoichiometric O-Ce-O trilayers stacked along the (111) direction and also represents the major fraction of the catalytic surface in the ceria nanocrystallites. DRS spectrum clearly shows a single band arising from ceria species around 270 nm which shows that the Ce 4+ species are in the tetra co-coordinated environment.
The acidities of the samples measured by TPD of ammonia indicate an increase in the total acidity (Table 3 ). The table indicates that pure ceria possesses low surface acidity. Upon modification with Fe, there is enhancement in the amount of weak, medium and strong acid sites. But as the metal concentration increases though there is a change in the total acidity, there is no steady increase in the acidity with increase in the concentration of the metals.
Vapour phase cumene cracking reaction is a model reaction for identifying the Lewis to Bronsted acid ratio of a catalyst. The catalytic activity of solid acid catalysts is not only related to the surface concentration of acid sites, but also to their nature, that is being Lewis or Brönsted sites. Good correlation is observed for total acidity with cumene conversion and Lewis to Brönsted acidity ratio with strong acidity obtained from TPD of ammonia.
Acidity studies confirm the enhancement of surface acidity in particular strong acidity, upon modification with iron.
Comparison of catalytic activities of different Fe loaded catalysts towards the benzylation reaction are given in Table [4] . Reusability study (Table 5) indicates the true heterogeneous nature of the reaction. Pure ceria gave low conversion than Fe modified samples. The metal modification improves the % conversion to a great extent. The increase in % conversion and activity may be attributed to the increase in the acid sites upon metal modification. The conversion is found to be correlated with the total acidity of the samples. The high activity of Fe systems could not be explained on the basis of their acidity alone. This large hike in the conversion points to the fact that benzylation activity of iron loaded systems cannot be explained on the basis of usual carbocation mechanism for alkylation reaction. regardless their Lewis acidity [8] . When a redox mechanism is operating there will be homolytic fission of carbon-chlorine bond of the alkylating agent (BC). The radicals so formed are powerful reductants, which would be readily oxidised to carbocations in the presence of reducible metallic Fe 3+ . During the optimization of parameters for reaction, it was observed that, when the temperature was below 80 o C there was no reaction taking place. It may be assumed that below 80 o C, the energy for the homolytic rupture of carbonchlorine bond may not be attained and therefore no reaction occurs below this temperature [9] . The effect of temperature and an induction period for the reaction suggests a free radical mechanism for benzylation using benzyl chloride with Fe modified catalyst. Hence catalytic activity of Fe modified systems compared to the mesoporous ceria can be attributed to the increased acidity and also redox property of Fe.
Conclusion
Neutral surfactant route using Hexa Decyl Amine (HDA) as surfactant is effective for the preparation of mesoporous ceria with high surface area and pore volume at a lower calcination temperature. Mesoporous ceria modified with Fe can be successfully utilized for the selective benzylation of toluene to more desirable product methyl diphenyl methane with 100% conversion and selectivity in 2 hours with low catalyst loading under milder reaction conditions.
The catalysts are regenerable and can be recycled upto third cycle without loss of activity. This reusability, regenerability, high selectivity, 100% conversion, moderate reaction temperature and absence of solvent etc. make these catalyst to be used in a truly heterogeneous manner and makes the benzylation reaction an environment friendly one. Hence this solid acid catalyst can be used in efficient green chemical process for the manufacture of industrially important benzylated aromatic compounds.
